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Introduction
The increase in novel disease treatments in an effort to improve quality of life has been accompanied by an increase in aesthetic treatments. In clinical dentistry, tooth whitening is a highly desirable aesthetic treatment, as tooth color is one of the most important factors related to patients'satisfaction with their appearance 1, 2) . The growing demand for bleaching as an aesthetic improvement has led to considerable development in bleaching products 3) . Studies using scanning electron microscopy (SEM) have demonstrated that bleaching causes demineralization, degradation, and alters the microhardness and roughness of the enamel surface 4) . Roughness is considered a predisposing factor for bacterial adhesion and stain absorption 5) .
Remineralization occurs when calcium and phosphate in the environment along the enamel or dentin crystals, recrystallize on surface crystal remnants. Saliva is the primary source of calcium and phosphate 6) . Saliva does not exert a uniform effect in the mouth and it therefore has distinct localized effects 7) .
Several attempts have been made to enhance remineralization.
Amorphous calcium phosphate (ACP) has been shown to be effective in remineralization, and is reported to have an additional whitening effect 8, 9) . Hydroxyapatite (HA) is a precipitate generated by a reaction of calcium chloride and disodium phosphate, and increases the concentration of calcium in the oral cavity and remineralization 10) . According to a recent study 11) , a bleaching agent containing ACP showed remineralizing and whitening effects. HA, which is the basic element that comprises hard tissues in the human body, is an effective remineralization element 12) . By applying HA to the tooth surface, remineralization can occur, as HA acts as a mineral supplement of calcium and phosphate to the enamel. According to recent studies 13) combination of HA and Hydrogen Peroxide (HP) is effective in tooth whitening; and so HA provides alternatives to oxidizing bleaching agents by its whitening effect. Recently, several studies reported that nano HA repairs early carious lesions as a remineralizing agent 14, 15) . Huang S et al. 16) also reported that nano-HA on initial enamel lesions have remineralization potential. Lobene 17) and Scemehorn et al. 18) reported that a toothpaste agent containing tetrasodium pyrophosphate (TSP) had not only an anticalculus effect but also extrinsic stain removal effect. Farrel et al 19) . reported that the bleaching bands were more effective when TSP was added. Attempts to minimize the adverse effects of bleaching treatments by increasing enamel remineralization have been conducted; however, the results are contradictory. In addition, there are few studies that showed a whitening or remineral-ization effect of a mixture containing ACP, HA, and TSP. Therefore, the objective of this in vitro study was to evaluate the applicability of a new mixture containing ACP, HA, and TSP by examining the whitening effect and analyzing the remineralization ability of each compound on early carious enamel. The null hypotheses tested were that (1) inorganic ions of the mixtures increase enamel remineralization, and (2) a new mixture containing ACP, HA, and TSP has a good whitening effect.
Materials and Methods

Study material
A mixture of ACP (nanopowder, <150 nm particle size (BET), #693871, Sigma-Aldrich chemical Co., St.Louis, MO, USA), HA (reagent grade, power, synthetic, #289396, Sigma-Aldrich chemical Co., St.Louis, MO, USA), and TSP (≥95%, #P8010, Sigma-Aldrich chemical Co., St.Louis, MO, USA) was used as the study material. A solution containing distilled water (100 ml), ACP (3 g), HA (2 g), and TSP (1 g) was prepared as a 100% mixed solution. The others were diluted to 1/2, 1/4, and 1/10 with distilled water as 50%, 25%, and 10% solutions.
Distilled water was used as the negative control and Opalescence F (Ultradent Product. Inc., South Jordan, CA, USA) containing 10% carbamide peroxide was used as the positive control.
Study overview
Group 1, the negative control group, was treated with distilled water. Group 2, the positive control group, was treated with Opalescence F. Groups 3, 4, 5, and 6 were treated with a solution containing 10% (ACP 0.3%, HA 0.2%, TSP 0.1%), 25% (ACP 0.75%, HA 0.5%, TSP 0.25%), 50% (ACP 1.5%, HA 1%, TSP 0.5%), and 100% (ACP 3%, HA 2%, TSP 1%) of the mixture, respectively (Table 1) . 10% mixed ACP 0.3%, HA 0.2%, TSP 0.1% Group 4 (n=15) 25% mixed ACP 0.75%, HA 0.5%, TSP 0.25% Group 5 (n=15) 50% mixed ACP 1.5%, HA 1%, TSP 0.5% Group 6 (n=15) 100% mixed ACP 3%, HA 2%, TSP 1% ACP: Amorphous calcium phosphate; HA: Hydoxyapatite; TSP: Tetrasodium pyrophosphate.
